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OPTIMIZING CONFERENCE QUALITY 
WITH DIVERSE CODECS 

FIELD 

The invention relates generally to facilitating conference 
calls and enhancing conference call quality. 

BACKGROUND 

In a communication network, it is desirable to provide 
conference arrangements Whereby many participants can be 
bridged together on a conference call. A conference bridge is 
a device or system that alloWs several communication end 
points to be connected together to establish a communica 
tions conference. Modern conference bridges can accommo 
date both voice and video data, thereby alloWing, for 
example, collaboration on documents by conference partici 
pants. 

Historically, hoWever, the conferencing experience has 
been less than adequate, especially for conferences With 
many attendees. Each attendee of a conference call is typi 
cally connected With the conference bridge by a different type 
of endpoint. Some endpoints may be older phones that do not 
utiliZe any relatively neW technologies. Other endpoints 
might be state-of-the-art communication devices. This dis 
parity betWeen communication devices leads to a lesser qual 
ity communication experience for the endpoints that could 
otherWise have received higher quality signals. 

Devices and methods exist that can transform analog voice 
signals into digital signals suitable to pass across a commu 
nication network and then retransform the digital signals back 
into an analog signal for another person to hear. The device or 
program that is capable of performing the above-described 
compression/ decompression and encoding/ decoding steps is 
knoWn as a codec (or endec in the case of hardWare). Codecs 
can both put the stream or signal into an encoded form (often 
for transmission, storage, or encryption) and retrieve, or 
decode, that form for vieWing or manipulation in a format 
more appropriate for these operations. 

Codecs are generally used in teleconferencing and video 
conferencing and streaming media applications. In a video 
conferencing environment, a video codec converts analog 
video signals from a video camera to digital signals for trans 
mission over digital circuits. It then converts a digital signal 
back to an analog signal for display. In an audio conferencing 
environment, an audio codec converts an analog audio signal 
to a digital signal for transmission over a digital circuit. It then 
converts the digital signals back to analog signals for repro 
duction. Codecs may also be used in both cases to further 
compress the signal for transmission. This additional com 
pression saves bandWidth on a communication netWork for 
other signals to pass across. The purpose of this type of codec 
is to reduce the siZe of digital audio samples and video frames 
to speed up transmission and save storage space. 

Codec algorithms may be implemented entirely in soft 
Ware, in Which case a server, or the like, does all of the 
processing or this may also be done in hardWare/ ?rmware for 
faster processing. As audio and video signal processing tech 
niques have developed, so too have the codec algorithms used 
to transmit audio and video signals. The result is that many 
different codecs exist and each of these codecs have unique 
operating parameters that affect the quality of a signal as 
heard by an end user. 
One example of these codecs is the G711 codec Which 

samples at 8 kHZ and is a standard to represent either a 13 bit 
or 14 bit, depending Whether the mu-laW or a-laW variant is 
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2 
used, as 8 bit compressed Pulse Code Modulation (PCM). 
The G.7ll codec creates a 64 kbit/s bitstream. The G.7ll 
codec has been the industry standard and typically signals are 
transcoded to the G711 codec because almost all netWork 
components are G.7ll compatible. 

Other examples of codecs include the G722 codec Which 
operates at about 64 kbit/ s and samples audio data at a rate of 
16 kHZ; the G729 codec Which operates at 8 kbit/s and 
samples at 8 kHZ; and the G.723.l Which operates at 8 kHZ 
and uses a bandWidth betWeen 5.3 and 6.3 kbit/s. Many 
codecs have several variants that provide different types of 
compression/decompression schemes. By Way of example, 
there are extensions to the G729 codec, Which provide also 
6.4 bkit/ s and l l .8 kbit/ s rates for marginally Worse and better 
speech quality, respectively. As can be appreciated, there exist 
many other types of codecs that are available for commercial 
use, including speech codecs like, GSM, DV Audio, G.728, 
G.726, ACELPnet, and ACELP.Wide audio codecs like AAC, 
WMA, MP3, ACELPlive, and AIFF and video codecs like 
MPEG, AVI, WMV, H.261, H.263, and H.264. 
The quality of most speech codecs are rated according to 

Mean Opinion Scores (MOS). The MOS scores range from 1 
to 5, With 5 being the highest possible quality of a voice 
signal. According to the MOS scores the G711 codec is better 
than the G729 codec, Which are both better than the G723 .l 
codec. The G.722 codec is an extremely high quality codec 
due to its Wide bandWidth and faster sampling frequency. The 
G.722 codec is not yet rated by a MOS score, but the quality 
of the G722 codec is considered superior to all of the above 
listed codecs. 

Typical conference bridges support multiple types of com 
munication devices by setting the conference quality equal to 
the loWest quality codec or by transcoding each signal to the 
G711 codec. The bridge essentially requires every commu 
nication device to agree on a common operating codec. This 
ensures that every communication device can hear and be 
heard during the conference call. Unfortunately, this may 
require the highest quality enabled participants of a confer 
ence call to participate using a loWer quality codec. Essen 
tially, the neW technology in the higher quality communica 
tion device is super?uous during a conference With a 
communication device only enabled With loWer quality 
codecs. 
The real problem is that one loW quality communication 

device can degrade the conference call experience for every 
other participant of the conference, even if every other par 
ticipant can use a higher quality communication device. 
Under typical conference call setups, if a communication 
device using a high quality codec is speaking, and one par 
ticipant in the conference call is using a loWer quality codec, 
all other participants, regardless of the codec their communi 
cation device uses, must listen to the signal at the loWest 
quality codec. There exists a need to alloW participants of a 
conference call to experience the conference call according to 
the best available codec, not according to the participant With 
the Worst quality codec or transcoding to a common loWer 
quality codec. 

There have been some attempts to address this problem. 
Namely, in US. Pat. No. 6,731,734 to Shaffer et al., Which is 
herein incorporated by this reference, a multipoint control 
unit is described that alloWs for dynamic codec selection. 
Essentially, codecs are assigned to each endpoint in a confer 
ence call based upon optimiZing objectives as determined by 
the multipoint control unit or its operator. When a conference 
call is set up, the multipoint control unit forces every partici 
pant to participate using a particular codec. If the objectives 
change, or another caller joins the conference, the multipoint 
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control unit initiates a renegotiation of codecs for every single 
endpoint. This con?guration may lead to a misuse of process 
ing capabilities, because every time a neW person joins the 
conference, the multipoint control unit is required to re-com 
pute every endpoint’s codec that should be used based upon 
the objectives of the multipoint control unit. This can become 
quite cumbersome if there are many participants and several 
of them are joining and leaving the conference at random. The 
computational load placed on the conference bridge has not 
decreased due to this con?guration and every participant is 
not guaranteed of receiving the highest quality voice signal it 
can. 

SUMMARY 

The present invention is directed to an architecture alloW 
ing different endpoints to use different codec qualities during 
a multi-party communication session, such as a multi-party 
conference call. “Codec quality” refers to the degree to Which 
the reproduced signal (i.e., the signal produced from decod 
ing of an encoded original signal) represents the original 
signal. Stated another Way, codec quality is inversely propor 
tional to the degree of variance of the reproduced signal from 
the original signal. A greater variance corresponds to loWer 
codec quality; the smaller the variance the higher the codec 
quality. Most speech and audio codec quality is rated accord 
ing to MOS scores as noted above. Video codec quality is also 
usually based upon the quality of representation of the origi 
nal signal by the reproduced signal. Different codec designa 
tions have different codec qualities. Examples of codec des 
ignations for speech codec include G.722, G.723, G.726, 
G.729, G.728, G.723.l, G71 1, GSM, iLBC, Speex, DV 
Audio, ACELPnet, ACELP.Wide, and their variants; for audio 
codec designations include AAC, WMA, MP3, ACELPlive, 
AIFF, and their variants; and for video codec designations 
include MPEG, AVI, WMV, H.261, H.263, H.264, and their 
variants. 

In a ?rst embodiment of the present invention, a signal 
processing method is provided that includes the steps: 

(a) for each endpoint participating in a multi-endpoint 
communication session, selecting a quality of codec that the 
selected endpoint is enabled to use (e. g., at least ?rst, second, 
and third endpoints to the session have selected ?rst, second, 
and third codecs, respectively, and the ?rst, second, and third 
codecs having, respectively ?rst, second and third qualities, 
With the second quality being higher than the ?rst and third 
qualities); 

(b) receiving a ?rst signal from the ?rst endpoint using the 
?rst codec; 

(c) converting the received signal to provide a normalized 
signal having one or more characteristics that at least match 
one or more corresponding characteristics of the second 
codec (e.g., the normalized signal has the same sampling 
frequency, bandWidth, and/or quantization as a signal output 
by the second codec); and 

(d) forWarding to the third endpoint a third signal derived 
from the normalized signal, the third signal having one or 
more characteristics of the third codec. 

In a second embodiment, a signal processing method 
includes the steps: 

(a) for each endpoint participating in a communication 
session, selecting a quality of codec that the selected 
endpoint is enabled to use; 

(b) receiving a ?rst signal from the ?rst endpoint using the 
?rst codec; 
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4 
(c) up-sampling the received signal to provide an 

up-sampled signal having a sampling frequency that at 
least matches the sampling frequency of the second 
quality; and 

(d) forWarding to the second endpoint the up-sampled sig 
nal and/or a doWn-sampled version thereof. 

In one con?guration, the conference signal summation is 
performed at the highest sample rate and bandWidth of all 
encoded signals that are terminated on a conference bridge. 
The highest bit rate/bandWidth signal is the normalized sig 
nal. All received encoded signals from voice endpoints are 
decoded at the bridge and, if necessary, converted to the 
normalized signal by up-sampling. The up-sampling takes the 
sampling rate from, for example, 8 KHZ to 16 KHZ in the case 
of G711 and G722 signals. Missing samples are inserted as 
0 or null values, and an anti-aliasing ?lter is used to provide 
the resulting signal (i.e., interpolate the null samples properly 
into the signal). After summation of the normalized signals, 
the resulting signals are, if necessary, doWn-sampled and 
encoded in the desired format for transmission from the 
bridge toWards the voice endpoints. In the above example, 
doWn-sampling removes every second sample and an anti 
aliasing ?lter is used to ensure signal integrity in the case of 
moving, for example, from 16 KHz (G.722) to 8 KHz 
(G71 1). 

In this con?guration, the conferencing experience of the 
users depends on their respective device’s codec quality. 
When all parties in the conference are enabled to use the same 

best codecs, every endpoint experiences the best possible 
quality. When some parties are added to the conference and 
have devices using the same or a loWer quality codec, any 
conversation betWeen parties With the higher quality codec is 
experienced by those users at the maximum quality While 
parties With the loWer quality codec hear the conversation at 
their quality level. Conversations betWeen parties using the 
loWer quality codecs are heard by those parties at their codec 
quality level, but the parties With higher quality codecs hear 
the quality level of the loWer quality signal. This con?gura 
tion is particularly advantageous in pure Voice over Internet 
Protocol or VoIP and mixed VoIP-Time Division Multiplexed 
or TDM netWorks. 
The present invention can have a number of advantages. 

Current voice conferencing schemes force all conference 
endpoints to use G71 1 by codec negotiation via the signaling 
protocol for speech encoding or to have to agree on the 
common denominator codec for voice conferencing. In con 
trast, the present invention can permit codecs With different 
qualities to be used in the same conference call. For example, 
parties on a local area netWork can use the highest possible 
quality voice codecs because the bandWidth usage is in gen 
eral of no concern. Parties using a Wide area netWork link can 
use a loWer quality codec if bandWidthusage is a concern. The 
proposed invention can also alloW endpoints With different 
supported codec sets in the same conference Without having 
to force everyone to use G.7ll or transcode loWer quality 
codec encoded signals into G71 1. In summary, embodiments 
of the present invention can alloW all conferencing parties to 
experience the highest possible quality that their endpoint 
supports Without forcing all parties to a loWest common 
denominator conference quality. 
As used herein, “at least one”, “one or more”, and “and/or” 

are open-ended expressions that are both conjunctive and 
disjunctive in operation. For example, each of the expressions 
“at least one ofA, B and C”, “at least one ofA, B, or C”, “one 
or more of A, B, and C”, “one or more of A, B, or C” and “A, 
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B, and/or C” means A alone, B alone, C alone, A and B 
together, A and C together, B and C together, or A, B and C 
together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram depicting a communication net 
Work in accordance With embodiments of the present inven 
tion; 

FIG. 2 is a block diagram depicting a conference betWeen 
multiple users in accordance With embodiments of the present 
invention; 

FIG. 3 is a representation of a codec to participant data 
structure employed in accordance With embodiments of the 
present invention; 

FIG. 4 is a block diagram depicting conferencing compo 
nents in accordance With embodiments of the present inven 
tion; 

FIG. 5 is a How chart depicting a method of transmitting a 
received signal to participants of a conference at the highest 
possible quality in accordance With embodiments of the 
present invention; and 

FIG. 6 is a How chart depicting a method of transmitting a 
number of received voice signals to participants of a confer 
ence call at the highest alloWable quality in accordance With 
embodiments of the present invention. 

DETAILED DESCRIPTION 

The invention Will be illustrated beloW in conjunction With 
an exemplary communication system. Although Well suited 
for use With, e.g., a system having a conference bridge or 
other similar conferencing hardWare/softWare, the invention 
is not limited for use With any particular type of communica 
tion system or con?guration of system elements. Those 
skilled in the art Will recogniZe that the disclosed techniques 
may be used in any communication application in Which it is 
desirable to maintain a high signal quality for every partici 
pant in a conference call. 

Referring initially to FIG. 1, an exemplary communication 
netWork 100 Will be described in accordance With embodi 
ments of the present invention. The communication netWork 
generally comprises a packet sWitched netWork 104, gate 
Ways 108, a circuit sWitched netWork 116, a plurality of 
telecommunication devices 120 and 124, one or more Wire 
less access points 126, one or more mobile telecommunica 
tion devices 128, an enterprise server 132, and a conference 
bridge 136. 

The packet-sWitched netWork 104 is in communication 
With an external ?rst type of telecommunication device 120 
either directly or via a gateWay 108, and the circuit-sWitched 
netWork 116 With an external second type of telecommuni 
cation device 124. These telecommunication devices are 
referred to as “extemal” in that they are not directly supported 
as telecommunication device endpoints by a sWitch or server. 
The telecommunication devices 120, 124, and 128 are 
examples of devices more generally referred to herein as 
“external endpoints.” 

The packet-sWitched netWork 104 can be any data and/or 
distributed processing network, such as the Internet or an 
enterprise netWork. The netWork 104 typically includes prox 
ies (not shoWn), registrars (not shoWn), and routers (not 
shoWn) for managing packet ?oWs. 
The ?rst types of telecommunication devices 120 are 

packet-sWitch enabled and can include, for example, IP hard 
phones such as the Avaya Inc.’s 4600 Series IP PhonesTM, IP 
saphones such as Avaya Inc.’s IP SoftphoneTM, Personal 
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6 
Digital Assistants or PDAs, Personal Computers or PCs, lap 
tops, packet-based H.320 video phones and conferencing 
units, packet-based voice messaging and Interactive Voice 
Response (IVRs), and packet-based traditional computer 
telephony adjuncts. 
The second type of telecommunication devices 124 have 

circuit-sWitching interfaces. The second type of telecommu 
nication devices can include, for example, Wired and Wireless 
telephones, PDAs, H.320 video phones and conferencing 
units, voice messaging and response units, and traditional 
computer telephony adjuncts. 
The server 132 is part of an enterprise netWork that 

includes a third type of telecommunication device 122. The 
term “server” as used herein should be understood to include 
a PBX, an ACD, an enterprise server, an IVR server, or other 
type of communications system server, as Well as other types 
of processor-based communication control devices such as 
media servers, computers, adjuncts, etc. The telecommunica 
tion device 122 is “intemal” in that it is directly supported as 
a telecommunication device endpoint by the sWitch/server 
132. The telecommunication device 122 is an example of a 
device more generally referred to herein as an “intemal end 
point.” The telecommunication device 122 can be any of the 
communication devices mentioned above as possible external 
endpoints. 

In addition to the devices noted above, the internal and 
external endpoints can include other types of communication 
devices. For example, personal computers, laptops, video 
cameras, digital cameras, and the like may all be considered 
endpoints. 
A gateWay 108 may also connect one or more mobile 

telecommunication devices 128 to the packet switched net 
Work 104. An access point 126 services the mobile telecom 
munication devices 128, Which are also external endpoints. 
The gateWay 108 is positioned betWeen various compo 

nents and the packet-sWitched netWork 104 to provide com 
munications passing betWeen each of the components and the 
netWork 104. A gateWay 108 may process communications 
betWeen a telecommunication device 120 and the packet 
sWitched netWork for example. A gateWay may also be used to 
process communications betWeen the packet sWitched net 
Work 104 and the circuit sWitched netWork 116. 

Referring to FIG. 1, the gateWay 108 can be any suitable 
gateWay device, such as Avaya Inc.’s, G700TM, G600TM, 
MCC/SCCTM media gateWays and may be implemented as 
hardWare such as via an adjunct processor (as shoWn) or as a 
chip (e.g., hardWare, softWare, and combinations thereof) in a 
server. 

Users of the external endpoints may Wish to communicate 
With one another across the communication netWork 100. In 
the event that a simple point-to-point connection is desired, 
the tWo subject endpoints are directly connected by hardWare 
Within the communications netWork 100 and a single 
duplexed communication path is established. HoWever, When 
several users of the external endpoints Wish to conference 
With each other simultaneously, a conference bridge 136 is 
typically employed. The conference bridge 136 connects 
each channel from each endpoint participating in the confer 
ence call such that every participant of the conference call can 
hear What any one of the otherparticipants is saying at a given 
time. This is accomplished by a number of mechanisms. One 
such mechanism is the received signals from every endpoint 
are summed together into a single outgoing signal for each 
participant. The signal on the bridge 136 received from each 
participant is typically never added to (or subtracted from) the 
summed signal from the summed signal that a given partici 
pant Will receive. Speci?cally, if three parties A, B, and C are 
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joined in a conference call, the signals from parties A and B 
are summed and sent to party C, the signals from partiesA and 
C are summed and sent to party B, and the signals fromparties 
B and C are summed and sent to party A. A further explana 
tion of this mechanism can be found in Us. Pat. No. 5,280, 
561 to Satoh et al., Which is herein incorporated by this 
reference. This ensures that each participant hears the other 
participants Without listening to him or herself. 

Another Way this is accomplished is that the conference 
bridge 136 may include softWare and/or hardWare that can 
determine What parties are speaking and automatically sends 
that signal to all other participants of the conference call. The 
determination can be made for instance by voice recognition 
softWare, channel activity detection, or the like. This requires 
a little more processing poWer in the conference bridge and is 
used less frequently for this reason, especially in smaller 
bridges. 

The conference bridge 136 includes a normaliZer 140. The 
normaliZer 140 provides a Way for every party of a conference 
to experience the conference at the highest possible quality, 
depending on the type of endpoint the recipient is using and 
the type of endpoint the sender has. The normaliZer 140 
eliminates the need for all parties of the conference to resort 
to the loWest common codec. The normaliZer 140 normalizes 
the signals from the participants such that all signals can be 
summed and/or selected together Without quality reduction. 
Then, the normaliZer 140, after encoding, retransmits the 
summed signal back to each respective endpoint. 
As can be appreciated, the normaliZer 140 may also be 

implemented in or as an adjunct to the enterprise server 132, 
a conference bridge connected to the circuit sWitched net 
Work 116, at a gateway 108, at an endpoint 120, 122, 124, 
and/or 128 (mixer at the endpoint), at an IP enabled Private 
Branch Exchange (PBX), Interactive Voice Recognition or 
IVR unit, messaging systems, media server, etc. Essentially, 
the number of participants, and thus the required processing 
poWer, may determine the location of the normaliZer 140. For 
example, if a conference only consists of three participants, 
the normaliZer 140 may be employed at or as an adjunct to the 
enterprise server 132 or a mixer located at an endpoint. If 
there are thirty participants hoWever, much more processing 
poWer Will be required to facilitate the conference call, and 
thus the normaliZer 140 may be employed at the conference 
bridge 136. 

It should be emphasiZed that the con?guration of the 
sWitch, server, user telecommunication devices, and other 
elements as shoWn in FIG. 1 is for purposes of illustration 
only and should not be construed as limiting the invention to 
any particular arrangement of elements. 

Referring noW to FIGS. 2 and 3, a conference betWeen 
multiple participants 204 Will be described in accordance 
With embodiments of the present invention. Typically, a con 
ference is created When three or more participants Wish to 
communicate With one another simultaneously (related to 
endpoint). In the depicted embodiment, N participants 204 1_ N 
(Where typically N>2) are conferencing via the conference 
bridge 136. As noted above, the conference bridge 136 pro 
vides a common connection betWeen all participants 204l_N 
of the conference. Having each participant 204 connect to the 
conference bridge 136 independently is a common Way to set 
up a conference. Each participant 204 is connected to the 
conference bridge 136 through their oWn channel. The con 
ference bridge 136 determines What types of codecs are avail 
able for use by each participant’s external endpoint. For 
example, the ?rst participant 2041 may be connected to the 
conference bridge via a phone that is set up to use G.722, 
G.729, G.723.l, or G.7ll codecs. Whereas the second par 
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8 
ticipant 2042 may be connected to the conference bridge via a 
slightly older phone that can use the same codecs as the ?rst 
participant’s 2041 phone With the exception of the G722 
codec. Additionally, the third participant may be connected to 
the conference bridge via a mobile telecommunication device 
that is only enabled With a GSM codec. The conference bridge 
136 determines the best available codec for each participant 
and, possibly after some type of codec negotiation, creates a 
data structure 300 that maps the participant to his or her best 
available type of codec. The participant 204 may be identi?ed 
in the data structure participant ID ?eld 304 by IP address, a 
randomly assigned serial number, channel number, or any 
other identi?er that is unique to the conference call. The codec 
that each participant Will use is dynamically selected by the 
conference bridge 136 and stored in the codec ?eld 308. The 
codec selected is preferably the highest quality codec for the 
corresponding communication device. Although different 
codecs are shoWn for a number of participant identi?ers, it is 
to be understood that the same codec can be selected for any 
number of participant identi?ers. As can be appreciated, a 
?rst codec may be used for transmission of signals from a 
given endpoint and the ?rst codec may be used for reception 
of the signals at a given endpoint. Alternatively, a ?rst codec 
may be used for transmission of signals from a given endpoint 
and a second different codec may be used for reception of 
signals at a given endpoint 
Once the conference bridge 136 determines the codecs that 

are to be used during the conference for each participant 204, 
the normaliZer 140 is con?gured such that each participant 
204 can communicate With all other participants at the highest 
possible quality. For example, assuming each participant is 
using the same codec to receive and transmit messages, the 
?rst participant 204 1 Will be communicating With the confer 
ence bridge using the G722 codec, the second participant 
2042 Will be communicating using the G729 codec and the 
third participant 2043 Will be communicating using the GSM 
codec. Whenever, the third participant speaks, the other par 
ticipants Will hear the signal at the highest quality afforded by 
the GSM codec. Essentially, the ?rst and second participants 
204, and 2042 respectively, Will not hear as good a sound 
signal as they Would if they Were receiving a signal from a 
participant using a G.722 or G.729 codec. If the second par 
ticipant 2042 speaks, the third participant 2043 Will hear the 
voice signal at the highest quality afforded by using the GSM 
codec. This means that the third participant 2043 Will hear as 
good a signal as if he/ she Were speaking to anotherparticipant 
using the GSM codec. MeanWhile, the ?rst participant 204, 
Will only hear a signal at the quality afforded by the G729 
codec. If the ?rst participant 204 l speaks, then all participants 
Will hear the voice signal at their endpoint’s respective qual 
ity. This occurs because the ?rst participant 2041 is using the 
highest quality codec among all participants of the confer 
ence. 

NoW assume that a fourth party Was also participating in 
the conference that has an endpoint enabled With the G722 
codec. The 4th participant 2044 Will be able to hear any signal 
sent from the ?rst participant 2041 at the quality afforded by 
the G722 codec. HoWever, the 4th participant 2044 Will expe 
rience the conference in a similar fashion to that of the ?rst 
participant 2041. Additional participants may engage in the 
conference for up to N participants. Furthermore, participants 
may be dynamically added/removed throughout the duration 
of a given conference. 
As used herein, “codec” refers to any type of coding/de 

coding and/or compression/decompression scheme or algo 
rithm implement by hardWare or softWare to transmit a signal 
across a communication netWork. The characteristics of 
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codecs may vary according to required bandwidth, sampling 
frequency, quantization level, and any other way the codec is 
designed (e. g., incorporates echo canceling, silence, sound 
suppression, etc.) A codec may differ from another codec in 
one or more of the above noted aspects and therefore may 
afford a different level of transmission/reception quality dur 
ing the conference. The inventive aspects of the present inven 
tion are not limited to speech codecs (e.g., G.722, G.729, 
G.728, G.726, G.723.1, G.711, GSM, iLBC, Speex, DV 
Audio, ACELP.net, ACELP.wide, and their variants.) 
Embodiments of the present invention may be implemented 
for a conference using audio codecs (e. g., AAC, WMA, MP3, 
ACELP.live, AIFF, and their variants) and/or video codecs 
(e.g., MPEG, AVI, WMV, H.261, H.263, H.264, and their 
variants). Embodiments of the present invention also allow 
each user participating in a conference to receive signals (e. g., 
voice, image, video, and combination thereof) at the highest 
possible quality. Furthermore, embodiments of the present 
invention may be used in codecs that are still under develop 
ment or have yet to be conceived. 

Referring now to FIG. 4 the operation of the conference 
bridge 136 will be described in accordance with embodi 
ments of the present invention. As noted above, the functions 
of the conference bridge 136 may also be implemented within 
a mixer at a given endpoint or may, for instance, be imple 
mented at a server, for example at an enterprise server 132. In 
the depicted embodiment, the conference bridge 13 6 includes 
a plurality of channels 404l_N from each participant, each 
channel can be connected through the packet network to a 
different endpoint and a summation point 420. Each channel 
comprises a decoder 408, an up sampler 412, a down sampler 
424, and an encoder 428, at least one of which may typically 
be included as a part of the normalizer 140. Between the 
summation point 420 and each channel 404 LN is a common 
channel 416 where signals from each channel 404l_N are in a 
normalized state (e.g., are each at the same frequency, band 
width, quantization level, and format). 

The connection between an up sampler 412 and the sum 
mation point 420 may be realized as a set of individual con 
nections between each channel’s up sampler 412 and the 
summation point 420, or may be implemented as a hardware 
or software communications bus and/or switching matrix. 
Likewise, the connection between a down sampler 424 and 
the summation point 420 may be realized as a set of individual 
connections between each channel’s down sampler 424 and 
the summation point 420, or may be implemented as a hard 
ware or software communications bus and/ or switching 
matrix. 

In operation, the data structure 300 is referenced to deter 
mine how a particular signal should be processed in order to 
normalize it with all other signals. Typically, signals received 
that were generated using relatively lower quality codecs are 
processed to at least match the characteristics of the decoded 
signals received that were generated using the highest quality 
codec. A signal is passed through the decoder 408 and 
decoded if necessary. Once the signal is in a decoded form, it 
is processed by the up sampler 412, if necessary, and then is 
considered a normalized signal. The process of up sampling 
takes the initial signal-sampling rate to a normalized sam 
pling rate. The normalized sampling rate may be substantially 
equal to the highest sampling rate of any codec that is being 
used in the conference or it may be higher than the sampling 
rate of any codec that is being used. For example, if some 
codecs in a conference sample at 8 kHz and others sample at 
16 kHz, the frequency to which all signals are up sampled 
may be 16 kHz or greater. Essentially, null samples are 
inserted to the signal to convert it to the normalized signal 
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10 
format. For example, if the highest quality codec being used 
is the G722 codec and the normalized signal is chosen to be 
16 bits at 16 kHz, any signal that was generated using a codec 
that samples at 8 kHz (and possibly a different quantization 
level) will be processed to at least emulate the G722 codec 
that samples at 16 kHz. A ?lter, for example an anti-aliasing 
?lter, is then used to interpolate the inserted null samples and 
provide a resulting normalized signal to the summation point 
420. Any type of suitable digital ?lter may be used, for 
instance, a Finite Impulse Response (FIR) ?lter, an In?nite 
Impulse Response (IIR) ?lter, or other type of anti-aliasing 
?lter. 

To normalize the bandwidth of each incoming signal, the 
sub-band nature of a wideband signal, for example the G722, 
may be used by adding dummy bits to adapt to a normalized 
signal. The G.722 codec is a wideband signal comprising a 
high band and a low band. Conversations between endpoints 
both utilizing a wideband codec will result in a high ?delity 
communication using the wideband signal. However, a user 
utilizing a narrow band endpoint will not be able to receive the 
entire wideband signal. Instead only the content from the low 
band of the wideband signal is sent on to the endpoint using a 
narrow band codec. Likewise, a signal sent from the narrow 
band codec enabled endpoint will have a dummy high band 
inserted into the signal before it is forwarded on to the wide 
band endpoints. This allows the narrowband users and the 
wideband users to converse with each other despite their 
codec’s bandwidth differences. 

Additionally, to normalize the quantization level, more bits 
are used to represent samples. Essentially, when more bits are 
used to represent samples of a given signal, the accuracy, i.e. 
the quality, is higher than a signal that is using fewer bits to 
represent the same number of samples. Thus, to normalize a 
signal that originated from an endpoint utilizing a lower quan 
tization level for transmission to an endpoint using a higher 
quantization level, additional dummy bits that do not repre 
sent any samples may be inserted in order to create a normal 
ized signal. 

All of the normalized signals may be summed at the sum 
mation point 420. The summation point 420 may be a cen 
tralized point as depicted, or may be implemented as a dif 
ferent summation point for each channel of the conference 
bridge 136. Furthermore, the functions of the summation 
point 420 may be implemented in various other devices 
throughout the communication network 100. For example, 
each endpoint may make use of its own summation point. 
Likewise, distribution of the summation point 420 through 
the network may result in a distribution of other functions of 
the conference bridgc 136. 

After summation of the normalized signals, the resulting 
signals are processed by the down sampler 424 at each chan 
nel 404, if necessary, and encoded, if necessary, by the 
encoder 428 in the desired format for transmission from the 
bridge back to the endpoints, which could be phones, gate 
ways, or the like, associated with each channel. In the instance 
that the coder and decoder are of the same type, the process of 
down sampling is the reversal of up sampling. Namely, every 
other sample, i.e., each previously inserted samples, is 
removed (e.g., decimated) from the signal, if so necessary, to 
match the coder input requirements. Another anti-aliasing 
?lter may be used to perform additional signal processing, if 
necessary, for example to execute inverse operations con 
ducted at the receive path. If all parties in the conference use 
the same best codec, then everyone will experience the best 
possible quality and little to no signal processing will be 
necessary to normalize each signal prior to summation. How 
ever, if some parties using a lower quality codec are present in 
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a conference With another group of users all having relatively 
higher quality codecs, any conversation betWeen parties With 
the higher quality codec Will be experienced by high quality 
codec users at the maximum quality. The parties With the 
loWer quality codec Will hear the signal at their respective 
loWer quality level. This is made possible because every sig 
nal is normalized to the highest quality level prior to summa 
tion, and then retransmitted back to each participant at his or 
her respective codec quality level. 
As can be appreciated, portions of the depicted conference 

bridge 136 may be implemented in hardWare, software, ?rm 
Ware, and combinations thereof. Various parts of the depicted 
conference bridge 136 may be implemented in different 
devices throughout the communications netWork 100. 

Referring noW to FIG. 5 a method of normalizing signals in 
a conference or even a broadcast Will be described in accor 

dance With embodiments of the present invention. 
In step 504 the process begins and the conference is initi 

ated as noted above. The participants are identi?ed along With 
their respective available codecs. A codec is also assigned to 
the each participant and the assigned codec is preferably the 
highest quality codec that the endpoint can use. Alternatively, 
the codec assigned to the endpoint may be limited by netWork 
constraints. Examples of netWork functions that may con 
strain the type of codec available for use by a particular 
endpoint include, bandWidth management systems, call pro 
cessing systems, and the like. Furthermore, an endpoint may 
use the same codec for sending and receiving information. 
HoWever, an endpoint may be assigned one codec type for 
sending data and a second codec type for receiving data. 

In step 508, a signal is received from one of the endpoints. 
In step 512, the conference bridge 136 determines if the 
received signal is in encoded form. If the received signal is in 
encoded form, then the signal is decoded by the decoder 408 
(step 516). HoWever, if the signal is received in a decoded 
form, then it does not have to be decoded. 

In step 520 the conference bridge 136 determines if up 
sampling is required. If the received signal Was sampled at a 
loWer frequency than the normalized signal frequency par 
ticipating in the conference, the up sampler 412 Will then up 
sample the received signal (step 524). HoWever, if the 
received signal Was sampled at a frequency essentially equal 
to the normalized signal frequency then no up sampling is 
necessary to normalize the received signal. 

In step 528, it is determined if any additional signals need 
to be added to the conference at the same time as the previ 
ously received signal. 

In step 532, all of the noW normalized signals are summed 
together at the summation point 420. As noted above, the 
summation creates a different summed signal for each 
intended recipient. For example, a ?rst participant receives a 
summation of all signals received at the conference bridge 
136 With the exception of the signal generated by the ?rst 
participant, a second participant receives a summation of all 
signals received at the conference bridge 136 With the excep 
tion of the signal generated by the second participant, and so 
on. 

As can be appreciated, it is preferred to keep the summa 
tion step as simple as possible to minimize processing 
requirements. HoWever, more sophisticated summation pro 
cesses can be envisioned that Will lead to substantially the 
same result. For example, if no substantial voice signals are 
detected on a particular channel for some time, then the 
conference bridge 136 may selectively not sum any part of the 
received signal from that channel for the duration that no 
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speech is detected from that channel. This Will eliminate 
unnecessary noise from channels that do not have a person 
speaking at the time. 

In step 536, the summed signal is delivered to each respec 
tive endpoint. In order to send the signal back to each end 
point the normalized summed signal must be reformatted for 
the codec that a particular endpoint is using. 

In step 540 the conference bridge 136 determines if doWn 
sampling is required to convert from the normalized signal 
back to a signal that can be handled by the codec being 
employed by a given endpoint. As noted, doWn sampling is 
required for codec’s having loWer sampling rates than the 
normalized sampling rate. If doWn sampling is required, then 
the doWn sampler 424 doWn samples the signal to eliminate 
samples corresponding to the null values that Were previously 
inserted by the up sampler 412 (step 544). 

In step 548, the conference bridge 136 determines if encod 
ing is necessary (i.e., in order to transmit the signal across the 
netWork 104). If encoding is necessary, then the signal is 
encoded by the encoder 428 (step 552). Once the signal is 
back to the form suitable for transmission to the endpoint, the 
signal is delivered to the endpoint in step 556, and the process 
ends at step 560. 

This process may be repeated if additional parties are 
added at some point during the conference. Furthermore, as 
can be appreciated by one of skill in the art, parties may 
selectively leave a particular conference in Which case the 
channel associated With that party Would no longer be in use. 

Referring noW to FIG. 6, a method of receiving and trans 
mitting signals (e. g., in a broadcast or other type of alternative 
conference transmission con?guration) to participants of a 
conference at the highest possible codec quality level Will be 
described in accordance With embodiments of the present 
invention. 
At step 604, the process begins, then in step 608 the parties 

of the conference are connected. In this step, the conference 
bridge 136 (or mixer) connects to each party and creates a 
common connection point for all parties. Also during the 
connecting step, the conference bridge 136 determines What 
types of codecs, if any, each participant is capable of using 
(possibly after codec negotiation). The conference bridge 136 
then populates the data structure 300 to re?ect What codec 
each participant Will use during the conference. The popu 
lated data structure 300 enables the normalizer 140 to knoW 
What processing steps it needs to perform on various channels 
to normalize the signal from each channel. The information 
also determines What processing steps are required When a 
signal is to be sent back to each endpoint. The type of codec 
used for receiving does not necessarily have to match the type 
of codec that is used for sending. 

In step 612, a signal is received at the conference bridge on 
one of the channels. Thereafter the conference bridge 136 
references the data structure 300 to determine What codec that 
particular channel is using (step 616). 

In step 620, the conference bridge 136 identi?es the recipi 
ents of the received signal. Typically each party that did not 
transmit the signal Will receive the signal. The conference 
bridge may determine Who sent the signal by channel detec 
tion, voice recognition, or other measures, and may distribute 
the received signal to the other parties based on this determi 
nation. 

In step 624, the conference bridge 136 determines the 
corresponding codecs that each identi?ed recipient is using 
by referencing the data structure 300. Then in step 628, the 
determination is made if a ?rst intended recipient is using the 
same codec as the sender. If both parties are using the same 
codec, then the signal may be sent directly to that recipient 
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Without additional processing (step 644). However, if the 
codecs used by the sender and the ?rst recipient is not the 
same then it is determined if the recipient is using a higher 
quality codec than the sender (step 632). If this is the case then 
the signal Will be formatted such that the higher quality codec 
may be used (step 636). As noted above, this quality level is 
limited by the sender’s codec quality. Once the signal has 
been formatted for the receiver’ s codec, then the signal can be 
sent to the recipient (step 644). The recipient having a higher 
quality codec than the sender Will hear the signal at the send 
er’s codec quality level. 

If the receiver does not have the same or higher quality 
codec than the sender then the receiver has a loWer quality 
codec than the sender. In this case the signal Will be formatted 
for the loWer quality codec (step 640). The reformatted signal 
is then sent to the signal recipient (step 644). The recipient 
Will be able to hear the signal at the best quality afforded by 
his or her codec. 

In step 648, it is determined if any additional recipients 
exist that have not yet received the signal. If there are still 
additional recipients then the process returns to step 624, so 
that each participant may receive the signal at the highest 
possible quality. If there are no additional recipients, the 
process ends in step 652. 
As can be appreciated various components that have been 

depicted in the conference bridge 136 may be implemented in 
various other parts of the communication netWork 100 in 
accordance With embodiments of the present invention. Fur 
thermore, the functions of the conference bridge 136 may be 
performed by these various components as Well. 

Advantages provided by embodiments of the present 
invention may also be realized in video and/or audio streams 
utilizing various types and qualities of codecs. A ?rst partici 
pant in a videoconference may be using a ?rst codec having a 
?rst quality While other participants in the videoconference 
may be using codecs having a lesser quality. Signals from 
each participant are normalized prior to being retransmitted 
to other participants in the videoconference. This enables 
each participant to use the highest quality codec available to 
their communication device, thus resulting in a better confer 
ence experience. 

The present invention, in various embodiments, includes 
components, methods, processes, systems and/or apparatus 
substantially as depicted and described herein, including vari 
ous embodiments, subcombinations, and subsets thereof. 
Those of skill in the art Will understand hoW to make and use 
the present invention after understanding the present disclo 
sure. The present invention, in various embodiments, 
includes providing devices and processes in the absence of 
items not depicted and/or described herein or in various 
embodiments hereof, including in the absence of such items 
as may have been used in previous devices or processes, e.g., 
for improving performance, achieving ease and\or reducing 
cost of implementation. 

The foregoing discussion of the invention has been pre 
sented for purposes of illustration and description. The fore 
going is not intended to limit the invention to the form or 
forms disclosed herein. In the foregoing Detailed Description 
for example, various features of the invention are grouped 
together in one or more embodiments for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as re?ecting an intention that the claimed 
invention requires more features than are expressly recited in 
each claim. Rather, as the folloWing claims re?ect, inventive 
aspects lie in less than all features of a single foregoing 
disclosed embodiment. Thus, the folloWing claims are hereby 
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14 
incorporated into this Detailed Description, With each claim 
standing on its oWn as a separate preferred embodiment of the 
invention. 

Moreover though the description of the invention has 
included description of one or more embodiments and certain 
variations and modi?cations, other variations and modi?ca 
tions are Within the scope of the invention, e.g., as may be 
Within the skill and knoWledge of those in the art, after under 
standing the present disclosure. It is intended to obtain rights 
Which include alternative embodiments to the extent permit 
ted, including alternate, interchangeable and/ or equivalent 
structures, functions, ranges or steps to those claimed, 
Whether or not such alternate, interchangeable and/ or equiva 
lent structures, functions, ranges or steps are disclosed herein, 
and Without intending to publicly dedicate any patentable 
subject matter. 

What is claimed is: 
1. A signal processing method, comprising: 
for each endpoint participating in a communication ses 

sion, a processor, at a conference bridge, selecting a 
codec that a selected endpoint is enabled to use, Wherein 
at least ?rst second, and third endpoints are included in 
the communication session, Wherein the ?rst endpoint 
uses a ?rst codec and a ?rst sampling frequency, Wherein 
the second endpoint uses a second codec and a second 
sampling frequency, Wherein the third endpoint uses at 
least one of (a) the ?rst codec and the ?rst sampling 
frequency and (b) a third codec and a third sampling 
frequency, Wherein the second sampling frequency is 
higher than the ?rst sampling frequency, Wherein the 
second sampling frequency is higher than the third sam 
pling frequency, and Wherein the second sampling fre 
quency is the highest sampling frequency; 

the processor receiving a ?rst signal from the ?rst endpoint 
using the ?rst codec; 

the processor decoding the ?rst received signal; 
the processor up-sampling the ?rst decoded-signal to cre 

ate a ?rst normalized signal having a normalized sam 
pling frequency, Wherein the normalized sampling fre 
quency is equal to the second sampling frequency; 

the processor receiving a second signal from the second 
endpoint using the second codec; 

the processor decoding the second received signal, Wherein 
the second received signal is a second normalized signal 
having the normalized sampling frequency; 

the processor receiving a third signal from the third end 
point using one of the ?rst codec and the third codec; 

the processor decoding the third received signal; 
the processor up-sampling the third decoded signal to cre 

ate a third normalized signal having the normalized sam 
pling frequency; 

the processor summing the ?rst, second, and third normal 
ized signals; 

the processor forWarding, to the ?rst endpoint, a ?rst 
summed signal using the ?rst codec that includes the 
second received signal and the third received signal, 
Wherein the ?rst summed signal has the ?rst sampling 
frequency; 

the processor forWarding, to the second endpoint, a second 
summed signal using the second codec that includes the 
?rst received signal and the third received signal, 
Wherein the second summed signal has the second sam 
pling frequency; and 

the processor forWarding, to the third endpoint, a third 
summed signal using one of the ?rst codec and the third 
codec that includes the ?rst received signal and the sec 
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ond received signal, Wherein the third summed signal 
has one of the ?rst sampling frequency and the second 
sampling frequency. 

2. The method of claim 1, Wherein, in the up-sampling step, 
null samples are inserted into the ?rst signal to create the 
up-sampled signal. 

3. The method of claim 2, Wherein prior to forwarding the 
?rst summed signal to the ?rst endpoint the processor doWn 
samples the ?rst summed signal to the ?rst frequency, 
Wherein the doWn-sampled signal has at least some samples 
removed from the up-sampled signal. 

4. A non-transitory computer readable medium comprising 
processor executable instructions to perform the steps of 
claim 1. 

5. A method of facilitating a communication session, com 
prising: 

for each endpoint participating in a communication ses 
sion, a processor selecting a codec that the selected 
endpoint is enabled to use, Wherein at least ?rst, second, 
and third endpoints to the session have selected ?rst, 
second, and third codecs, respectively, Wherein the ?rst 
codec has a ?rst sampling frequency, the second codec 
has a second sampling frequency, and the third codec has 
a third sampling frequency, Wherein the second sam 
pling frequency is higher than the ?rst and third sam 
pling frequencies, Wherein the ?rst codec has a ?rst 
quality, the second codec has a second quality, and the 
third codec a third quality, Wherein the ?rst quality, the 
second quality, and the third quality are different, and 
Wherein the second quality is higher than the ?rst and 
third qualities; 

the processor receiving a ?rst signal from the ?rst endpoint 
using the ?rst codec; 

the processor receiving a second signal from the second 
endpoint using the second codec; 

the processor receiving a third signal from the third end 
point using the third codec; 

the processor converting the ?rst signal to the second sam 
pling frequency; 

the processor converting the third signal to have the second 
sampling frequency; 

the processor summing the converted ?rst signal, and the 
converted third signal into a ?rst normalized signal hav 
ing the second sampling frequency; 

the processor summing the converted ?rst signal and the 
second signal into a second normalized signal having the 
second sampling frequency; 

the processor summing the converted third signal and the 
second signal into a third normalized signal having the 
second sampling frequency; 

the processor forWarding the ?rst normalized signal to the 
second endpoint using the second sampling frequency 
and the second codec; 

the processor converting the second normalized signal to 
the third sampling frequency and forWarding the con 
verted second normalized signal to the third endpoint; 
and 

the processor converting the third normalized signal to the 
?rst codec and the ?rst sampling frequency and forWard 
ing the converted third normalized signal to the ?rst 
endpoint using the ?rst codec. 

6. The method of claim 5, Wherein the ?rst signal charac 
teristic comprises at least one of a sampling frequency, a 
quantization level, and a bandWidth. 

7. The method of claim 6, Wherein the second signal char 
acteristic is a loWer sampling frequency. 
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8. The method of claim 7, Wherein the third quality is loWer 

than the second quality and higher than the ?rst quality, and 
Wherein converting the normalized signal comprises: 

doWn-sampling the normalized signal to form the third 
signal having a third quality; and 

forWarding to the third endpoint the third signal. 
9. The method of claim 8 Wherein the normalized signal 

comprises additional samples When compared to the ?rst 
signal. 

10. The method of claim 9, Wherein the third signal has at 
least some of the additional samples removed When compared 
to the normalized signal. 

11. The method of claim 8, Wherein the normalized signal 
has a same quality as the second signal. 

12. The method of claim 6, Wherein the ?rst signal is a ?rst 
Wide band signal, Wherein the ?rst signal characteristic is 
bandWidth, Wherein the normalized signal is a second Wide 
band signal, and Wherein the third endpoint is con?gured for 
narroW band signals, and further comprising: 

converting the normalized signal into a second narroW 
band signal, Wherein the second narroW band signal 
includes information from a loW band of the normalized 
signal; and 

forWarding, to the third endpoint, the second narroW band 
signal. 

13. The method of claim 6, Wherein the one or more char 
acteristics is quantization level, Wherein the ?rst signal has a 
higher quantization level than the third endpoint, and further 
comprising: 

reducing a number of bits of the normalized signal to create 
the third signal; and 

forwarding, to the third endpoint, the third signal. 
14. A non-transitory computer readable medium compris 

ing processor executable instructions to perform the steps of 
claim 5. 

15. A device, comprising: 
a memory; 

a processor in communication With the memory, the pro 
cessor operable to execute: 
at least three channels, each channel associated With an 

endpoint, each endpoint utilizing a codec, Wherein at 
least tWo of the endpoints utilize a different codec; 

a normalizer that is operable, during a multi-endpoint 
communication session, to normalize a signal 
received from each of the at least three channels to 
form normalized signals such that the normalized sig 
nals possess at least the same characteristics as a 
signal received from an endpoint utilizing a highest 
quality codec; 

a summation member operable to sum each of the nor 
malized signals to form a summed signal; and 

Wherein the normalizer is further operable to process the 
summed signal for each of the at least three channels 
to form a processed summed signal such that the 
processed summed signal can be received by each 
endpoint associated With each of the at least three 
channels. 

16. The device of claim 15, Wherein the characteristics 
comprise at least one of a sampling frequency, a quantization 
level, and a bandWidth. 

17. The device of claim 16, Wherein the characteristic is a 
higher sampling frequency. 

18. The device of claim 16, Wherein the communication 
session is a conference call involving ?rst, second, and third 
endpoints, Wherein the ?rst endpoint has a ?rst codec of a ?rst 
quality, Wherein the second endpoint has a second codec of a 
second quality, Wherein the third endpoint has a third codec of 
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a third quality, wherein the ?rst quality is lower than the 
second quality, and wherein the third quality is lower than the 
second quality and higher than the ?rst quality, and wherein 
the normalizer is operable to: 

down-sample the normalized signal to form a third signal 
having the third quality; and 

forward, to the third endpoint, the third signal. 
19. The device of claim 18, wherein the normalized signal 

is an up-sampled version of a ?rst signal received from the 
?rst endpoint and the normalized signal comprises null 
samples when compared to the ?rst signal. 

20. The device of claim 19, wherein quality is measured 
using MOS characteristics. 

21. The device of claim 16, wherein a ?rst signal received 
from a ?rst endpoint is a wide band signal, wherein the at least 
one characteristic is bandwidth, wherein the normalized sig 
nal is a wideband signal, wherein the communication session 
is a conference call involving the ?rst and second and third 
endpoints, wherein the third endpoint is con?gured for nar 

18 
row band signals, and wherein the normalizer is operable to 
convert the normalized signal into a second narrow band 
signal, wherein the narrow band signal includes information 
from a low band of the normalized signal, and forward, to the 
third endpoint, the second narrowband signal. 

22. The device of claim 16, wherein a ?rst signal received 
from a ?rst endpoint comprises a ?rst quantization level, 
wherein the characteristics comprise quantization level, 
wherein the normalized signal comprises a second quantiza 
tion level that is at least as high as the ?rst quantization level, 
wherein the communication session is a conference call 
involving the ?rst, second, and third endpoints, wherein the 
third endpoint is con?gured to receive signals having a third 
quantization level that is lower than the second quantization 
level, and wherein the normalizer is operable to convert the 
normalized signal into a third signal having the third quanti 
zation level and forward, to the third endpoint, the third sig 
nal. 


